In 2004, a retrospective study of 46 patients with diabetic neuropathy evaluated the presence or absence of a positive Tinel sign on sensory outcome, dichotomized into good/ excellent versus fair/poor results, from a tibial neurolysis in the four medial ankle tunnels.
In 2004, a retrospective study of 46 patients with diabetic neuropathy evaluated the presence or absence of a positive Tinel sign on sensory outcome, dichotomized into good/ excellent versus fair/poor results, from a tibial neurolysis in the four medial ankle tunnels.
1 At 1 year, the presence of a positive Tinel sign had a sensitivity of 88%, a specificity of 50%, and a positive predictive value of 88% in identifying patients who would have a good/excellent outcome. 1 In that study, only 33% of the patients with a negative Tinel sign recovered good/excellent results from surgical decompression. While the technical details of the surgical approach have been reviewed, 2,3 the prognostic value of the positive Tinel sign remains to be prospectively studied in a large, carefully defined population of patients with diabetes.
Methods
This study was designed as a prospective, multicentered study, with a well-defined sample of patients and welldefined outcomes. Each of the 38 surgeons participating in this study were trained in an Advanced Lower Extremity Peripheral Nerve Surgery Workshop so that each surgeon used the same operative technique as previously described and reviewed.
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Abstract
Predictive ability of a positive Tinel sign over the tibial nerve in the tarsal was evaluated as a prognostic sign in determining sensory outcomes after distal tibial neurolysis in diabetics with chronic nerve compression at this location. Outcomes were evaluated with a visual analog score (VAS) for pain and measurements of the cutaneous pressure threshold/two-point discrimination. A multicenter prospective study enrolled 628 patients who had a positive Tinel sign. Of these patients, 465 (74%) had VAS >5. Each patient had a release of the tarsal tunnel and a neurolysis of the medial and lateral plantar and calcaneal tunnels. Subsequent, contralateral, identical surgery was done in 211 of the patients (152 of which had a VAS >5). Mean VAS score decreased from 8.5 to 2.0 (p <0.001) at 6 months, and remained at this level for 3.5 years. Sensibility improved from a loss of protective sensation to recovery of some two-point discrimination during this same time period. It is concluded that a positive Tinel sign over the tibial nerve at the tarsal tunnel in a diabetic patient with chronic nerve compression at this location predicts significant relief of pain and improvement in plantar sensibility. 4. This neuropathy had to be documented at least by neurosensory testing with the pressure-specified sensory device (PSSD).
Inclusion Criteria
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5. If the patient had pain, defined as a Visual Analog Scale score >5, then there had to be a trial and failure of neuropathic pain medication.
11,12
6. Patients had sufficient lower extremity blood supply, as demonstrated either by a palpable dorsalis pedis or posterior tibialis pulse, or, in the absence of a palpable pulse, an ankle/brachial index >0.70. 7. Absence of pedal edema. 8. Physical findings consistent with a chronic nerve compression at the known sites of anatomic narrowing, that is, common peroneal nerve at the fibular tunnel, deep peroneal nerve over the dorsum of the foot, and tibial nerve compression in the tarsal tunnel, as demonstrated by a positive Tinel sign. 
Outcome Analysis
1. Assessment of pain on a 10-point visual analog scale at the outset of patient entry and then at 6-month intervals for 3.5 years. 2. Sensibility evaluation using the PSSD (Sensory Management Services, LLC, Baltimore, Maryland) was done at study entry, and at 6 month intervals for 3.5 years. 3. Statistical analysis was done using Kaplan-Meier proportional hazard analysis and student's t-test.
Results
At the time of data analysis, 628 patients had been enrolled in the study and followed for at least 1 year. Of these, 211 had the contralateral limb operated upon for a total number of operated limbs of 839. Of the 628 patients, 465 (74%) had pain >5 at the initial visit, and 152 of these patients had a second limb operated upon for a total of 617 operated limbs with pain. Data analysis extends from the initial onset to 3.5 years postoperatively.
The results of relief of pain are given in ►Fig. 1. Of the 617 operated limbs in diabetics who had pain >5 at time of data entry, the mean VAS pain level was 8.5 and at 6 months after the surgery decreased to 2.0 (p < 0.001). The mean pain level remained between 2 and 1 for the remainder of the study.
The results for recovery of sensibility are given in ►Fig. 2. Of the 839 limbs that were operated upon, the mean entry level sensibility was that the one-point static touch (1PS) was present and normal, but two-point static touch was absent (2PS) as measured with the PSSD. Following surgery, there was a progressive improvement in sensation, with some 2PD being recovered at 1 year with the pressure threshold required for discriminating one from two points still being abnormal. At 2 years, mean 2PD had returned to normal range, but the pressure threshold remained abnormal. The mean sensibility did not return to normal. Figure 1 Outcome: Pain. Of the 617 limbs in diabetics who had pain >5 at time of data entry, the mean VAS pain level was 8.5 and at 6 months after surgery had decreased to 2.0 (p < 0.001). The mean pain level remained between 2 and 1 for the remainder of the study. Figure 2 Outcome: Sensation. Of the 839 limbs that were operated upon, the mean entry level sensibility was that one-point static touch (1PS) was present and normal, but two-point static touch (2PS) was absent as measured with the PSSD. Following surgery, there was a progressive improvement in sensibility.
Discussion
The results of this Level I, prognostic study, demonstrate that the presence of a positive Tinel sign over the tibial nerve in the tarsal tunnel in a patient with diabetes predicts that neurolysis of the tibial nerve and its branches at the foot and ankle level will most likely result in relief of pain and recovery of sensibility. The methodology employed in this study, a multicentered prospective study, including Podiatric Foot and Ankle Surgeons, Plastic Surgeons, and Hand Surgeons, permits generalization of these results due to the multifaceted and geographical diversity of the patient population. The well-defined patient population permits further confidence in the value of the positive Tinel sign in predicting relief of pain and recovery of sensibility in the diabetic who has neurolysis of an entrapped tibial nerve and its branches at the foot and ankle level.
In 1992, the first clinically reported Therapeutic Level IV study of the results of peripheral nerve decompression in the diabetics with chronic nerve compression, in the upper and lower extremity, used the presence of a positive Tinel sign as an inclusion criteria. 13 The next two Therapeutic Level IV studies on this subject, one involving relief of pain 14 and the other involving restoration of sensation, 15 were less clear on the inclusion criteria of a positive Tinel sign, and although the surgical technique reported was that of the first study, the surgeons were not trained in that specific technique. The subsequent therapeutic level IV studies all used the identical surgical technique as that reported in the present study, and required a positive Tinel sign as an inclusion criteria. These studies have in common the finding of an average 80% of the patients achieving pain relief and 80% recovering sensibility. [16] [17] [18] [19] [20] [21] [22] A prospective, blinded, Therapeutic Level III study, 23 comparing the success of surgical decompression in one leg of a diabetic and compared the outcome at a mean of 23 months with the sensibility of the contralateral, nondecompressed leg, found that the surgical decompressed legs had improved sensibility significantly (p < 0.001). That study also used a positive Tinel sign as an inclusion criteria. Taken together, the past literature supports the use of a positive Tinel as a prognostic sign for identifying a patient with diabetes who can expect a good to excellent outcome from neurolysis of the tibial nerve and its branches at the foot and ankle levels. What is the pathophysiology behind the positive Tinel to predict a patient who will benefit from neurolysis? In 1984, I suggested that the patient's̶positive ̶ response to percussion over a peripheral nerve indicates that axon sprouts are regenerating in this region, whether the nerve is the one that has been surgically repaired or the one that is̶repairing itself ̶during nerve compression. In very early nerve compression, the Tinel sign would be negative. As the compression continues, the majority of these patients will have a positive Tinel sign. In advanced compression, with muscle atrophy and loss of two-point discrimination, Tinel sign is often negative because no further regeneration is occurring. 24 Experimental models of chronic compression in the rat 25 and monkey 26 demonstrate progressive demyelination, and then loss of large myelinated nerve fibers. These findings have been corroborated in the histopathology of human specimens of tarsal tunnel syndrome 27 and radial sensory nerve compression. 28 Recently, using more acute models of nerve compression, it has been shown that the earliest stages already have demyelination which induces axonal sprouting at the site of compression. 29, 30 Therefore, the Tinel sign now has a firm pathophysiological basis with regard to identifying a site of nerve compression. A potential source of error using a Tinel sign is whether different surgeons will do the test in a similar manner. The variable of concern is how hard the examiner taps over the nerve. Clearly, a given force can be found to make even a normal nerve hurt when applied near a bony prominence or tunnel. A recent study sheds light upon this subject. 31 It was found that there is a great variability in the force applied by different examiners when tapping a force transducer as if they were percussing a nerve during the examination of the carpal tunnel. However, there was not much variance within the taps for a given examiner. It might be appropriate then to evaluate the actual force that would be required to evoke a positive Tinel in a group of patients with clinical nerve entrapment syndromes, in different anatomic locations. It is concluded that the Tinel sign is a useful predictor of relief of pain and recovery of sensibility in patients with diabetes who have chronic tibial nerve compression at the foot and ankle. The absence of a standardized force of application of the Tinel sign by the different surgeons in this multicenter study did not affect the results of using the Tinel sign in clinical practice.
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